Chronic pain is an important comorbidity among individuals with HIV. Behavioral interventions are widely regarded as evidence-based, efficacious non-pharmacologic interventions for chronic pain in the general population. An accepted principle in behavioral science is that theory-based, systematically-developed behavioral interventions tailored to the unique needs of a target population are most likely to be efficacious. Our aim was to use Intervention Mapping to systematically develop a Social Cognitive Theory (SCT)-based intervention for chronic pain tailored to individuals with HIV that will improve pain intensity and pain-related functional impairment. Our Intervention Mapping process was informed by qualitative inquiry of 24 patients and seven providers in an HIV primary care clinic. The resulting intervention includes group and one-on-one sessions and peer and staff interventionists. We also developed a conceptual framework that integrates our qualitative findings with SCT-based theoretical constructs. Using this conceptual framework as a guide, our future work will investigate the intervention's impact on chronic pain outcomes, as well as our hypothesized proximal mediators of the intervention's effect.
Introduction
Chronic pain is defined as pain lasting for more than three months, beyond the period of normal tissue healing [1] . Examples of chronic pain include regional musculoskeletal pain (e.g., low back pain, knee pain), widespread pain including fibromyalgia, headaches, and peripheral neuropathy. Chronic pain is an important public health problem. Recent studies suggest it occurs in approximately 15% of individuals in the general population [2, 3] and can be associated with significant disability [4, 5] .
Chronic pain is an important comorbidity among individuals with HIV. For reasons that are not fully understood, chronic pain occurs in as many as 30-85% of these patients [6, 7] . In individuals with HIV, chronic pain is associated with up to 10 times greater odds of functional impairment [8] , and can also be associated with suboptimal retention in HIV primary care [7] . The recently-released Department of Health and Human Services National Pain Strategy identified chronic pain in vulnerable populations, including individuals with HIV, as a priority area of investigation [9] . Management of chronic pain has typically included both pharmacologic and non-pharmacologic therapies. A mainstay of pharmacologic treatment for chronic pain has been long-term opioid therapy.
However, in the past few years, the risks of opioids including addiction and overdose have been increasingly recognized [10] . Individuals with HIV are more commonly prescribed opioids than individuals in the general population [11] , despite an apparent susceptibility to opioids' mortality risk [12] and drug-drug interactions with antiretrovirals [13] . Therefore, development of non-pharmacologic approaches for individuals with HIV is of particular importance.
Behavioral interventions are widely regarded as evidence-based, efficacious non-pharmacologic interventions for chronic pain in the general population [9] . An accepted principle in behavioral science is that theory-based, systematically-developed behavioral interventions tailored to the unique needs of a target population are more likely to be efficacious [14] . The present study emerged from evidence that such an intervention has not yet been developed for chronic pain in individuals with HIV. Our recent systematic review of existing chronic pain interventions in individuals with HIV included all interventions for chronic pain, both pharmacologic and non-pharmacologic, that have been tested in individuals with HIV [15] . Eleven interventions met the inclusion criteria, only two of which were behavioral interventions [16, 17] . Neither of these interventions was developed based on a behavior change theory, and neither was tailored to individuals with HIV in a systematic way. Both interventions suffered from poor adherence, reported only small effect sizes, and have not been studied further.
Therefore, our aim was to systematically develop a theory-based intervention for chronic pain tailored to individuals with HIV that will improve key chronic pain outcomes: pain and pain-related functional impairment, including physical and emotional function [18] .
Methods
Intervention Mapping (IM) is a stepwise process for the systematic development and evaluation of a theory-and evidence-based behavioral intervention that is tailored to the target population [19] . Here, we present our approach to the first four steps of IM: 1) needs assessment, 2) identification of behavioral targets and creation of a behavior change matrix using Social Cognitive Theory (SCT), 3) intervention design, and 4) intervention production. Steps 5 and 6, program implementation and evaluation, are the next steps in our research program.
The IM process -especially Steps 2 through 4 -is informed by qualitative inquiry. For this purpose, we recruited 24 patients from a large HIV clinic in the Southeastern US to participate in 12 in-depth individual interviews followed by three focus groups. The objective was to use patient ideas and preferences to inform our approach to Steps 2 through 4. To analyze our data, we used an independent, thematic approach with three coders (JSM, WA, SRY). Initial discussions led to agreement on key themes and generation of a codebook, which one investigator (SRY) used to code the remaining transcripts. Subsequently, we conducted seven in-depth interviews of HIV clinic providers, including some who hold leadership positions. We recruited providers across disciplines including physicians, nurse practitioners, nurses, and a pharmacist, and approached the data using the same design and analytic techniques [20] . Preliminary results from patient interviews and focus groups have been published previously, and suggested the importance of a group setting, peer interventionists, and groups limited to HIV + participants [20] . How this work and additional results of these qualitative investigations were integrated into the IM process is detailed here in the description of each IM step.
Intervention mapping steps
Step 1: The first step of IM is to conduct a needs assessment of the problem in the target population. The results of this step were described briefly in the introduction and synthesized in a systematic review [15] . We concluded that a behavioral intervention for chronic pain tailored to individuals with HIV is needed.
Step 2: The second step of IM is to create "change objectives." Change objectives are actions aimed at changing key behaviors that influence the desired outcomes. Each change objective will become an intervention session.
We identified key change objectives from the robust literature on evidence-based Pain Self-Management (PSM) interventions [21] [22] [23] [24] . PSM interventions draw from cognitive-behavioral therapy, and are manualized interventions designed to reduce pain intensity and painrelated functional impairment in the general population. They can be delivered by a variety of health care professionals (nurses, psychologists, and social workers) trained on the PSM protocol, making them well-suited for diverse settings. PSM interventions provide pain education, and also target patient-centered self-management of key behaviors (e.g., physical activity). These behaviors are each directly targeted by a change objective (e.g. increase physical activity). PSM interventions were named by the National Pain Strategy as evidence-based, scalable approaches to chronic pain management that can be tailored to the needs of specific populations [9] .
We selected a specific PSM intervention as a starting point for our work. This intervention is called Stepped Care for Affective disorders and Musculoskeletal Pain (SCAMP) [25, 26] . We chose SCAMP for several reasons. SCAMP was initially developed as a PSM intervention for patients with chronic musculoskeletal pain and depression, a common comorbidity in HIV. SCAMP was also delivered in primary care settings, as we envision for our intervention. Interventionists were nurse care managers, who are more readily available in HIV care settings than psychologists. SCAMP was delivered as a 12-week intervention consisting of one-on-one sessions with a staff interventionist. Each session addressed a unique PSM behavior/change objective (e.g., physical activity, thinking differently about pain, stress management, alternative therapies, talking to your doctor/nurse about pain, utilizing community resources).
As previously described [20] , we collected qualitative data (initially interviews, then focus groups) from HIV-infected individuals with chronic pain recruited from an HIV outpatient clinic in the US. Participants who had at least moderate pain for more than three months met eligibility criteria, and we purposively sampled individuals with symptoms of depression or anxiety and current substance. During indepth individual interviews, we began by asking participants to discuss potential behaviors/change objectives they would like to include in the intervention. Then, they were asked to review the SCAMP manual. Participants were asked to provide feedback regarding the inclusion of each session (behavior/change objective) in the intervention and to suggest new topics.
Next, we completed three focus groups: one of interview participants, and two of new study participants. We conducted a card sort exercise of all potential session topics. Sessions assessed included all SCAMP sessions plus potential session topics that emerged from interview participants (improving mental health, losing weight, sleeping better, taking chronic pain medications, building self-worth, meditation, addressing addiction, improving posture, and distraction). Participants were asked to identify the five most important and three least important sessions, in order. Using a mixture of card sort data, additional qualitative data, and expert opinion, we identified the ten sessions most salient to our intended population.
Step 3: The third step of IM is intervention design. This includes making important choices about the intervention's structure based on prior knowledge of the target population -in this case, our qualitative work. Additionally, a fundamental premise of IM is that all intervention components have theoretical underpinnings. Therefore, Step 3 also includes systematic integration of theory throughout the intervention.
We selected Social Cognitive Theory (SCT) as it is a widely-cited foundation for chronic pain behavioral interventions [27] . This decision has face validity: SCT is a learning theory, and posits that even in the face of stressors (e.g., pain), people can learn to change their behavior (e.g., engage in regular physical activity) through a variety of J.S. Merlin et al.
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methods informed by key theoretically-informed constructs (e.g., selfefficacy, outcome expectations, self-regulation). Table 1 describes key SCT constructs.
How people go about changing their behavior -in other words, the practical application of the theory to address each change objective identified in Step 2 -can be informed by qualitative inquiry. The Results of Step 3 presented below include the theoretical constructs alongside proposed practical applications, and their supporting qualitative results. These practical applications apply across change objectives.
Step 4: The fourth step of IM is intervention production, or the creation of each intervention component. A member of our team (WD) is a pain psychologist and an experienced developer of low-literacy chronic pain intervention manuals. The Principal Investigator (JSM) and WD collaboratively wrote the participant manual. Written materials were based on the SCAMP manual and an evidence-based lowliteracy manual (Learning About Managing Pain or LAMP), which WD has delivered in prior studies [28] . With the permission of these manual authors, we used existing passages verbatim when appropriate, given that they are already tested, which serves to strengthen the manual that we produce. However, we created new content when no appropriate content existed. To elicit feedback, we conducted one "pre-testing" focus group of 9 participants during which we presented the overall intervention structure and the manual content. After this focus group, we conducted a final round of revisions.
Conceptual framework development
The IM process provided a preliminary understanding of how our intervention may work to improve pain and pain-related functional impairment [29] . This allowed us to develop a SCT-based conceptual framework to pictorially represent our intervention's proposed mechanism ( Fig. 1) .
This study was approved by the Institutional Review Board of the University of Alabama at Birmingham.
Results
Here, we present the results of IM Steps 2-4, which are informed by our qualitative work, and explain how we made key intervention decisions. This process is summarized in Fig. 2 .
Of the 24 patient participants in interviews and focus groups, most were male (17) and African American (19) . Mean age was 48 years (range 33-68), and nearly all (23) participants had an undetectable viral load. Mean pain severity "on average" on the Brief Pain Inventory was 6.6 (scale 0-10), and mean interference was 7.2/10 (missing = 4). Of seven providers, five were at least 50% devoted to clinical activities, and three held clinic leadership positions.
Intervention sessions
Most patient participants believed that pain education should be a required session. Additionally, participants were open to including all other SCAMP sessions. In the card sort exercise, results varied between focus groups, but posture and meditation were always at or near the least preferred. Therefore, these two topics were eliminated. Among the topics that remained, mental health care was incorporated into the pain education session, distraction was incorporated into relaxation skills and stress management, and opioid addiction was incorporated into a chapter on taking opioids (rather than chronic pain medications broadly). We developed the remaining chapters (weight loss, sleep) as they often ranked near the top. In addition to pain education, the final list of the remaining nine change objectives/intervention sessions is included in Fig. 2. 
Intervention structure
Our qualitative work revealed several key patient and provider Outcome expectations are the beliefs that something good will come from participating in the intervention; the outcome must be something that is perceived as important. Social outcome expectations are how others evaluate one's behavior, and whether this is viewed as important or not. Selfevaluative outcome expectations are anticipation of how one will feel about themselves if they successfully complete the intervention. Self-regulation Self-regulation is the willingness to perform a new behavior now to reach a goal in the future. This is not achieved through sheer willpower or brute force, but rather through gaining skills. There are six ways to achieve self-regulation: self-monitoring (observing or recording one's behavior in a systematic way); goal setting; feedback from others; self-reward; self-instruction (talking oneself through a behavior); and enlistment of social support. Fig. 1 . Conceptual framework for a pain self-management (PSM) intervention tailored to individuals with HIV. [9] [10] [11] [12] [13] [14] [15] [16] insights that guided the intervention's design. These are as follows:
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aOne-on-one intervention sessions
One theme that emerged was participants' desire to keep the content relevant, and tailored when possible. For example:
Unidentified male: As long as you are giving people good, heartfelt information, and stuff that they can actually use, they will always come back. If I feel like you are giving me junk, I am not coming back.
(Patient)
We agreed with participants (see Step 2 above) that a pain education session should be offered to everyone. This session is essential to understanding subsequent sessions. To meet participants' preference for tailoring, we allowed participants to choose five of the remaining nine behavioral target sessions. To best achieve tailoring, we chose a one-onone session format for content delivery.
Some participants voiced the importance of certain content being delivered by a clinical expert. For example: I want them to be able to tell me … just not tell me … Oh, I'm sorry to hear for your pain. I know that really hurts … I need them to be able to say …. Do X, Y, Z and this is what is going to be done for you. I don't think the average person volunteer off the street is going to be able to do that. I think they need to be a trained counselor or whatever. (Patient) Therefore, we decided that the one-on-one PSM sessions would be delivered by a staff interventionist, who we will call a "pain coach." Due to scalability concerns, we identified staff commonly found in HIV clinics to serve as pain coaches. Rather than selecting a clinical psychologist as is sometimes done in behavioral interventions, we opted for master's level staff (e.g., social worker, health educator, nurse case manager). This is also consistent with SCAMP's approach.
b Group and peer components Our previously-published qualitative results found that participants strongly preferred a group component to foster social support for their chronic pain. They also preferred groups that only included HIV + persons to reduce stigma and protect participant confidentiality about HIV status. Finally, they preferred the involvement of a peer leader to learn how others successfully navigate living with both HIV and chronic pain [20] . We will call this peer a "pain pal," a shorthand title suggested by one of our patient participants. To have skill-based content delivered by an "expert," we decided that the pain pals will facilitate the group sessions together with the pain coaches.
Participant feedback supported SCAMP's structure of 12 weekly sessions, so we incorporated that into our intervention. To incorporate the group component, we structured our intervention by alternating one-on-one PSM sessions and group sessions, so that participants would receive six of each.
c Transportation vouchers
Transportation was identified as a major structural barrier to participation. Therefore, we decided to assess this barrier routinely at the beginning and perioidically throughout the intervention, and provide transportation vouchers whenever needed.
Incorporating theory
We identified practical applications of each theoretical construct that could be applied broadly, across change objectives. For example, self-monitoring is an important construct that influences self-regulation, a key component of SCT. Our practical application of self-monitoring is for participants to complete "homework and tracking" sections of the manual for each one-on-one session either at home or with the interventionist. This practical application is supported by our qualitative results. Our team employed this process across all SCT constructs, as summarized in Tables 2a and 2d .
Manual creation
Our manual consists of approximately 50% completely new content, and 50% content derived from the two interventions mentioned previously (SCAMP and LAMP). The final version of the manual is written at below a 6th grade level (Flesch-Kinkaid 2.4, Gunning-Fog 5.6) to address health literacy challenges. We produced the manual in collaboration with a graphic designer, using illustrations to augment the text. Table 3 lists the session topics and their contents.
Pre-testing
The most significant clarification from the pre-testing process was the role of the peer (pain pal). In our prior qualitative work, we And the other one is a -give me some -take these with you. Look over and read it. Bring your ideas back to me like homework in that aspect, you know. And we'll discuss this then and we'll say what we're going to talk about. You can take this home with you and you got your time to sit there and go through it. And when we come back and we meet again, we'll discuss these things." (Patient) Goal-setting -Set long-term goals (what the participant could achieve if pain was better controlled) during first one-on-one session. -Set specific short term pain-related goals at each one-on-one session. (e.g., take a 15-min walk this week) "I will get into saying like right here you got short-term activities and long-term activities. The long -the short term is something like we can come in as we're sitting here. And we'll discuss it right quick. Long term is something like a homework thing. You go home and we write out this thing and we're going to give it a try so when we have our next meeting we'll come back, and see why we came out with it. I do not want to know just that you had these symptoms, but what did you do to relieve these symptoms?" (Patient) Self-instruction -Participants will write down how they will achieve their weekly goal; they can refer back to this throughout the week when they get stuck.
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"you could do that from the time you wake up till it's time to go to bed what did you do today to reduce your pain or whatever have you? Was your pain able to be reduced? Don't forget to put on there where did you have pain, you know make us up a little notebook or whatever have you. I keep up with stuff like that and I try to write it myself or remember it in my head. And when we come to our sessions you have your notebook right there so you don't have to try to remember and when the question is asked you have the information right there. Also at the bottom you put "My goal is to such and such and such". You might change your goal over the course of three or four weeks, but that's okay you got to let your people know that's okay. You also have to let them know that if they didn't do it, move on to the next day or whatever have you. So being held accountable is going to be easier and getting more results than you just turn us loose and I see you all next week." (Patient) Enlistment of social support -Participants will engage in > 80% of group sessions.
-Group sessions will offer a chance for follow-up and accountability on individual goals.
"To me it is more like you're dedicated for yourself. I mean you the one in pain, so you make the pledge to yourself and then to your peers because if you see them doing it, you're more apt to do it. If you see it working for them then you'll be more apt to do it, that's the way I see it. It's like a goal or something." (Patient) b: Self-efficacy Four constructs that contribute to selfefficacy:
Practical application(s) Supportive qualitative results (quotes)
Mastery experience -Practice each PSM skill (e.g., physical activity, thinking differently) at a frequency determined by the participant -Continue to practice each PSM skill for the duration of the intervention, not just for the week after that skill's session is delivered "I would go down my list and like I said, teach a person to do [a skill] the day before, not two or three days before. I think it's fresher and on your mind if you do it the night before and it kind of keeps in perspective what's important … And I think that should be a homework assignment like every week from -or at least every day when you come in next week to the session you need to have your five to do lists for five weekdays that you did the night before that day, you know? Be a part of the class. Just to get them started, to teach them thinking about how to do their lists and stuff like that. I think it can be taught. And if they keep it simple for most important to least important hey, three or five things. And then if you get that done, if you want to add something else and you're capable physically of doing something else, hey do it. You know, just a little practice. A little practice." (Patient) Improving physical or emotional states
Making sure that participants are in the best possible physical and emotional state before every session (e.g., brief deep breathing or mediation exercise before sessions begin)
"No, um you know there could be different classes. Music was just one of them. I think meditation classes, people need to be taught how to meditate appropriately, how to center themselves, how to learn to relax, what helps them relax. Um, you know just learning about um, I guess taking care of the body like mentally and different things you can do to you know slow your blood pressure down, slow your heart rate and things like that. I think a lot of it is going to have to learning to (continued on next page) J.S. Merlin et al. relax. But I think we tend to be so over the top because we're hurting all the time that we can just kind of get lost in the frenzy of it all. So I think a lot of people don't really know how to meditate, how to relax, you know? Even art therapy, you know painting and writing and things like that. I think a lot of that would be beneficial. (Patient) Verbal persuasion
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Cheerleading from peers, staff interventionists, and other intervention participants "For a person, I'd put it like that for a person that if a person tries to lift with weight and he sees a person that they're going to go help them lose weight in a good way, then they'll be motivated to do it. You know, you can encourage that person. (Patient) Social modeling Pain pals and group sessions: showing the participant that others like themselves can achieve important pain-related goals
Because the peer coach, if he or she has experienced some of the things that you are going through, then they can say, "I did this when this happened to me. I experience this when this happened to me. Mentally, I was feeling this way, so I had to do this. Physically, I had to do this because I was feeling this way." (Patient) And especially if someone, one of their peers can give them some strategies to -when this happens this is what I do or I've come through it, I struggled just like you did and now I'm on the other side, there's hope. Now I think that can instill hope with them. It can instill like I said a sense of community, I think that's really important so I think these are -this is great patient feedback. Social outcome expectations Pain pals and group sessions: use to review which session each participant attended, goal-setting, and how they are using the intervention. This will set a social outcome expectation to attend sessions and work on goals.
Yeah. A pat on the back, even if you have to -realizing that this person you can't do anything to please this person, this, that and the other and nothing is working and that special attention. I do more for people when I get special attention. And I'm serious, we all want to do better, we all want to help but you have to find a way to get to that person and you get to the point where you start to care about people in your group. And so you go home yourself and you put up some stuff and I mean you talked to this person when you all come back to the group and say "Hey I read this, that and the other" and I tried it and it worked. And it might be something that the peer counselor or the care manager didn't see. So everybody has a part. (Patient) Me being responsible to my group or whatever have you is -it gives me something to do. It gives me a reason to keep on pushing so I can say this is working. (Patient) When you don't have family or a group like this would become your family a lot of times you -and you're accountable to somebody and it feels like somebody cares like you're doing something good for the benefit of the people whereas if you don't have a family and then you're going through what you're going through and you're likely to drill into another area, just that you know being accountable in a group setting I think it would just make people who don't have that in their life. (Patient) Self-evaluative outcome expectations
One-on-one sessions: encourage participants to complete goals and think about how they will feel when they do. identified co-leadership by a peer, and sponsor or mentor as being important. This focus group clarified that rather than having a singular sponsor like in 12-step programs who could be called upon between sessions for help, participants should be encouraged to contact each other and the pain pal.
Conceptual framework
Based on the work described above, we present an SCT-based conceptual framework for our intervention's mechanisms (Fig. 1) . We posit that the three intervention components -the group sessions, peer involvement ("pain pal"), and the one-on-one sessions -will influence proximal mediators of the intervention's effect. These proximal mediators are the theoretical constructs discussed here. As our previous work emphasizes the importance of social support for management of chronic pain, it is included as an important proximal mediator. PSM skills are also included, as skill acquisition is an essential part of behavior change. The arrows connecting intervention components with proximal mediators are based on the information described in Tables 2a  and 2d For example, social support is derived primarily through group sessions, while self-efficacy includes social modeling by pain pals, selfmonitoring in individual sessions, and feedback during group sessions. These proximal mediators then lead to the adoption of PSM behaviors, which lead to improvements in pain-related outcomes.
Discussion
To our knowledge, this is the first research to systematically develop a theory-based intervention for chronic pain that is tailored to the needs of individuals with HIV. While many interventions report a theoretical basis, IM allowed us to methodically integrate SCT throughout every aspect of this novel intervention. Additionally, our formative qualitative work tailored the intervention to our population's unique needs and preferences. We assert that our rigorous intervention development process maximizes the intervention's likelihood of efficacy, which we will investigate in future studies.
Our previous qualitative work reported patient preferences for group sessions and peer involvement [20] . However, the IM steps used theory to operationalize these intervention components, and helped us understand how their inclusion will influence proximal mediators of the interventions' effect. The resulting conceptual framework will serve as a roadmap for IM Steps 5 and 6. For example, it will help us devise an evaluation plan to assess potential mediators and moderators of the intervention's effects. Once the intervention mechanisms of action are more fully understood, future versions of the intervention may augment or omit certain components in the implementation phase.
Our approach has limitations. Our intervention is tailored to address chronic pain in individuals with HIV, and thus its applicability beyond this population was not addressed. Additionally, we conducted our formative qualitative work at a single HIV clinic in the Deep South. It is possible that additional regional or clinic-specific tailoring may be necessary during implementation/dissemination. However, we assert that individuals with HIV and HIV treatment settings are more similar than they are different, and that fundamental concerns emergent in our qualitative work and IM exercise are likely to apply broadly.
Conclusions
In sum, we have developed an intervention that has a high likelihood of acceptability and efficacy when tested in future studies. Our formative IM work will serve as a foundation for our future studies that investigate this intervention's efficacy and implementation/dissemination. Additionally, few studies detailing the process of integrating theory into an intervention have been published. We hope that our approach can guide others seeking to use IM to develop behavioral interventions.
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